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1 Introduction

Following agreements are achieved for contents of Minimum System Information (MSI) provisioning in NR [1], [2], [3] during the study item phase:
	Agreements from RAN2#95Bis:

· In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs

Agreements from RAN2#96:

· The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.

· UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.

· The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information.

Agreements from RAN2 NR Adhoc:

· Minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.  

· Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.

· Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) if network allows on demand mechanism shall be included in minimum SI.


Good progress was achieved on the contents of MSI during study item but limited discussion during the work item phase. Further, in last meeting RAN1 sent LS [4] for the contents of PBCH. In this contribution we discuss four issues:

Issue 1: Terminology for the MSI and OSI to be captured in stage-2
Issue 2: Terminology for the MSI blocks

Issue 3: Contents of NR-MIB and NR-SIB1
Issue 4: Need of valuetag/index for NR-SIB1

2 Discussion

2.1 Terminology to be captured in stage-2 and stage-3
In the baseline stage-2 specification 38.300 (after Phase II email discussion [97bis#08][NR]) the system information handling in Section 7.3 has editor notes on the exact terms to be used. During SI phase the terms Minimum System Information (MSI) and Other System Information (OSI) were used to progress the discussions and were captured also in 38.804. In our understanding these terms were very useful to make good progress and are quite well understood in RAN2 what they mean and what they convey. Further, during SI phase there was some LS exchange with RAN1 on the size and contents of MSI, so RAN1 also has good understanding of the terms MSI and OSI.
Observation#1: The terms MSI and OSI used in TR 38.804 and baseline TS 38.300 are well understood in RAN1 and RAN2 WGs.

If there is an exercise to discard these terms and introduce new terms, then in our opinion it is just a matter of taste and it does not fundamentally change the concept of on-demand SI provisioning developed in RAN2 using the terms MSI and OSI. Given the above background, we think it will not be productive utilization of time to introduce and agree new terms. Therefore we prefer to keep using the terms MSI and OSI in normative specification TS 38.300 (Stage-2) for the general concept of on-demand SI provisioning. We further see no need to introduce MSI and OSI terms in TS 38.331 (Stage-3), and the normative and procedural text in Stage-3 can use exact terminologies for the respective SI-block(s)
Proposal#1a: RAN2 is requested to confirm the usage of terms Minimum System Information (MSI) and Other System Information (OSI) in TS 38.300 (Stage-2) specifications only.

Proposal#1b: RAN2 is requested to use exact terminologies for the respective SI-block(s) in TS 38.331 (Stage-3) specification and avoid usage of MSI and OSI in Stage-3.
2.2 Terminology for the MSI blocks

The most essential parameters of MSI like SFN, parameters for BW part, SS bursts periodicity, info on actual transmitted SS blocks, info on tracking RS etc [4], can be broadcast on a non-scheduled NR-PBCH with a fixed periodicity like in LTE. We propose to term this fixed size block as NR-Master Information Block (NR-MIB). The remaining parameters of MSI i.e. (RMSI terminology used in RAN1) can be broadcast in another block (e.g. like SIB1 in LTE) with a variable size on the NR-PDSCH scheduled by NR-PDCCH. We propose to term this variable size block (i.e. RMSI) as NR-System Information Block Type1 (NR-SIB1). Similar to LTE, the OSI in NR can be categorized in multiple SIBs depending on the functionality of the SI-block. 

Proposal#2a: Introduce the term NR-Master Information Block (NR-MIB) for the fixed size block carrying essential parameters of MSI broadcast on non-scheduled NR-PBCH.

Proposal#2b: Introduce the term NR-System Information Block Type1 (NR-SIB1) for the variable size block carrying remaining parameters of MSI (i.e. RMSI) broadcast on scheduled NR-PDSCH.
Proposal#2c: For better reading of TS 38.300 (Stage-2), it would good to clarify that MSI comprises NR-MIB and NR-SIB1.
2.3 Contents of NR-MIB and NR-SIB1
Table1 provides the summary of contents of MSI. The grayed out functionality and parameters are already agreed during the SI phase. Further, in last meeting RAN1 sent LS [4] for the contents of PBCH i.e. NR-MIB. From the parameters listed by RAN1 LS there is no need to discuss in RAN2 the parameters highlighted in blue text since those parameters do not impact RAN2. In this section we discuss the remaining functionality and parameters (solid black) to be supported by MSI. We also provide initial thoughts on the placement of the parameters whether NR-MIB or NR-SIB1 in the rightmost column.
Table 1 Summary of Contents of MSI.

	
	Functionality
	Parameters in MSI
	Placement

	1.
	Frame timing information 
	a. SFN
	NR-MIB

	2.
	Cell selection functionality
	a. PLMN-Id( PLMN selection

b. Parameters to support cell selection( camping parameters
	NR-SIB1

	3.
	Cell access functionality
	a. RACH parameters (including all beam-specific RACH parameters
	NR-SIB1

	4.
	On demand functionality
	a. Configuration for requesting other SI-block(s) if on demand mechanism is allowed (eg. RACH like) ( SI-request parameters
	NR-SIB1

	5.
	Other SI availability in cell
	a. Scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information

b. Indicator whether other SI-block(s) periodically broadcasted or provided on demand ( Trigger for SI-request
	NR-SIB1

	6
	Parameters for Index based approach
	a. valuetag (SCI) for each SI-block regardless of SI-block delivered with periodic broadcast or provided on demand 
	NR-SIB1

	7.
	Cell status and Frequency barring functionality
	a. cellBarred ( Barring parameter required to decide to stay on the cell or bar the cell ( common for all PLMN

b. intraFreqReselection( No cell can be reselected on the same frequency as the barred cell ( Frequency barring
	[TBD] NR MIB or NR-SIB1

	
	Cell reservation
	c. cellReservedForOperatorUse ( Cell reservation information per PLMN
	NR-SIB1

	8.
	Access control parameters for barring check
	a. Barring parameters for each access category
	FFS whether in MSI or OSI

	9. 
	Tracking Area/RAN Area Update
	a. Tracking Area Code

b. Global Cell ID/RAN Area ID
	FFS whether in MSI or OSI

	
	Functionality
	L1 parameters to be included in MSI [4]
	Placement

	1.
	RMSI periodicity and RMSI numerology
	a. Information for remaining minimum system information scheduling
	NR-MIB

	2.
	FFS in RAN1
	b. Information regarding bandwidth part
	NR-MIB

	3.
	FFS in RAN1
	c. Information for quick identification that there is no corresponding RMSI to the PBCH
	NR-MIB

	4.
	FFS in RAN1
	d. SS burst periodicity
	NR-MIB

	5.
	FFS in RAN1
	e. Information on actual transmitted SS block(s)
	NR-MIB

	6.
	FFS in RAN1
	f. Information on tracking RS
	NR-MIB

	7.
	FFS in RAN1
	g. Timing information within radio frame
	NR-MIB

	8.
	Index based approach
	h. System information Area IDentifier (SAID)
	[TBD] NR-MIB or NR-SIB1

	9.
	Cell Barring
	i. Information for quick identification that UE cannot camp on the cell
	NR-MIB

	10.
	PCI extension
	j. Cell ID extension
	NR-MIB

	11. 
	Long System Frame 
	k. H-SFN
	NR-MIB/ NR-SIB1


Placement of already agreed parameters:

Except frame timing info (SFN) all the other parameters already agreed by RAN2 can be placed in NR-SIB1. This includes cell selection parameters, cell access parameters, on-demand SI functionality and scheduling information of other SI-blocks. RAN2 agreed to include RACH parameters (i.e. preambles and PRACH resource) in MSI during study item phase. For multi-beam system the RACH parameters can be beam-specific. In our understanding all the RACH parameters (i.e. preambles and PRACH resource) including beam specific parameters are placed in NR-SIB1.
Proposal#3a: SFN is included in NR-MIB

Proposal#3b: Cell selection parameters, cell access parameters (i.e. preambles and PRACH resource including beam specific parameters), on-demand SI functionality and scheduling information of other SI-blocks are included in NR-SIB1.

Parameters for Index based approach:
In companion contribution [5] we provide more details on the index based approaches and propose to adopt the terminology for System information Area IDentifier (SAID) and rename the valuetag as System information Configuration Index (SCI). Regardless of the SAID is single identifier or signaled separately we propose to include the SAID in NR-SIB1. The SCI associated with each SI-block applicable in the cell is broadcasted in the NR-SIB1 regardless of the SI-block is periodically broadcasted or provided on demand. 
Proposal#4a: System information Area IDentifier (SAID) is included in NR-SIB1. 

Proposal#4b: System information Configuration Index (SCI) associated with the each SIB supported in the cell is included in NR-SIB1 regardless of whether the SIB is periodically broadcasted or provided on demand.
Paging/SI modification Parameters:
UEs in idle/inactive will be paged either by NG Core or RAN. If the UE assumes the smallest periodicity for paging cycle/SI modification period then nothing breaks assuming other values are integer multiples of the smallest value. For e.g. UE assumes 160 ms for default paging cycle but actual value applicable in the cell is something like 320 ms or 480 ms or 640 ms. So paging cycle parameters and SI modification period parameters may not be included in MSI but provided on demand. However, this would result in more UE power consumption if UE reads paging according the smallest value.
Observation#2: UE may assume the smallest periodicity for paging cycle/SI modification if other values are integer multiples of the smallest value. Hence, applicable parameters in the cell may be provided on demand. 
Proposal#5: RAN2 to discuss if paging/SI modification shall be included in NR-SIB1 or provided on-demand.

Cell status/Cell reservation Parameters

In LTE, the cell status (cellBarred) and cell reservation information (cellReservedForOperatorUse per PLMN) is required for idle/inactive UEs to decide to stay on the cell (cell selection and re-selection) or bar the cell. Also, frequency barring information (intraFreqReselection) is provided in LTE SIB1. We assume Cell status/Cell reservation and Frequency barring functionality shall be supported in NR so these parameters may be included in NR-SIB1. RAN1 LS further indicates intention to include information for quick identification that UE cannot camp on the cell in NR-MIB. This aspect is under RAN2 scope related to cell barring. We do not see the need to have a separate indication in NR-MIB since the cell status parameter provides similar functionality included in NR-SIB1. Therefore the cell status (cellBarred) indication and the cell no camping indication can be aligned because the outcome in terms of UE behaviour is that UE bars the cell. It can be discussed whether the cell status indication is placed in MR-MIB. Also, it can be discussed if the frequency barring indication (intraFreqReselection) is also included in NR-MIB.
Proposal#6a: The information for quick identification that UE cannot camp on the cell in NR-MIB is not needed and can be aligned with the cell status parameter providing similar functionality.
Proposal#6b: RAN2 to discuss if the Cell status (cellBarred) indicator and Frequency barring indicator (intraFreqReselection) can be included in NR-MIB.
Proposal#6c: The cell reservation indicator (cellReservedForOperatorUse per PLMN) shall be included in NR-SIB1.

Access control Parameters
During RAN2#97 discussion on access control mechanism for NR it was agreed to strive for a unified access control framework based on access categories [6]. Access control evaluation is mainly performed by the UE when it goes from idle/inactive to connected state but may also be applicable in connected state. During state transition the access control information should be available in UE AS for evaluation. We have already agreed that a UE can request SI in idle/inactive state. So in principle UE can request the access control information on demand. If the access category approach is pursued in NR, then the barring parameters per access category need to be provided to the UE. If large number of access categories are defined then the overhead to provide the barring information in MSI would be quite large. 

Observation#3: The overhead to provide barring information corresponding to each access category in MSI would be quite large.

RAN2 already agreed that cell re-selection parameters are considered as part of OSI. Therefore, the access control information for different access categories can be considered as part of OSI. The question is then upon every cell change does the UE make a request for access control information since this is not visible on periodic broadcast? If we assume the access control information also does not change that frequently from one cell to another cell then the UE need not request. So it may be safe to say that barring information per access category may not change from one cell to another and can be provided on demand. An LS is sent to CT1/SA1/SA2 groups [7] on the feasibility of access categories. It is little bit pre-mature to discuss whether access control information should be included in MSI or OSI. RAN2 can wait to decide the access control parameters to be included in MSI until further progress on access categories mechanism in RAN2/CT1.
Observation#4: Access control information for an access category which is used for actual barring check may not change from one cell to another hence can be considered to be provided on demand.

Proposal#7: RAN2 can wait to decide whether the access control parameters to be included in MSI or OSI until further progress on access category mechanism in RAN2/CT1.
Tracking area update/RAN area update Parameters

UEs in idle/inactive during mobility will perform tracking area update with NG Core and RAN area update with anchor gNB upon moving out of tracking area or RAN paging area. The question is how urgent is TA update/RAN update? Can the UE always check for TA update/RAN update after requesting info? If it is argued that TA update is not more urgent than cell re-selection for which parameters are provided on demand then TAC and global cell ID/RAN area ID can be included in cell re-selection parameters and provided on demand.

Proposal#8: RAN2 to discuss if parameters to support tracking area/RAN area update shall be included in MSI or can be provided on demand.

L1 Parameters according to RAN1 LS [4]:
RAN1 indicated the intention to include information for RMSI i.e. (NR-SIB1) scheduling in NR-MIB. This is still FFS in RAN1 but also needs to be discussed in RAN2. We understand this information concerns NR-SIB1 periodicity and numerology used for NR-SIB1 broadcast. RAN2 understanding is at least the NR-MIB and NR-SIB1 shall be broadcast with the same default numerology based on the below agreement for which LS was sent to RAN1 [8]:
Agreement

1    Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. 

FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies.

From RAN2 point of view we are wondering what the use case is and the scenario that motivates the numerology for NR-SIB1 is different than the numerology for NR-MIB. Before taking decision, it is desirable to analyse UE complexity and impact to support mixed numerology on a single carrier for idle/inactive mode procedures. 

Observation#5: The use case and scenario to support numerology for NR-SIB1 to be different than the numerology for NR-MIB is not clear.
Further, RAN1 agreed that the subcarrier spacing (SCS) for NR-SS block i.e. PSS/SSS/PBCH is 120 KHz for 6-30 GHz frequency band operation and SCS for NR-SS block i.e. PSS/SSS/PBCH is 240 KHz for 30-60 GHz frequency band operation. However, RAN4 has agreed for SCS of 60/120 KHz for control/data i.e. PDCCH/PDSCH for above 6 GHz operation. From these RAN1 and RAN4 agreements it can be observed that for 6-30 GHz frequency band operation the SCS of 120 KHz can be applied for both NR-SS block (PSS/SSS/PBCH) and SIB1 scheduled on PDSCH. However, for 30-60 GHz frequency band operation the SCS of 240 KHz can be applied for both NR-SS block (PSS/SSS/PBCH) while for the SIB1 scheduled on PDSCH the SCS is 120 KHz. In our understanding, there are further discussions in RAN1 for the SCS to be applied in 30-60 GHz band operation and may need RAN1/RAN4 co-ordination.
Observation#6: Same numerology i.e. SCS of 120 KHz can be applied both NR-MIB and NR-SIB1 for UE operation in 6-30 GHz frequency band. FFS in RAN1/RAN4 the SCS for NR-MIB and SIB1 for 30-60 GHz frequency band operation.
RAN1 further indicates intention to include Cell ID extension in NR-MIB. First the motivation should be clear why this is needed. We understand RAN1 already agreed to support 1000 PCI almost double of what is supported by LTE. It is not clear in what scenario it would be required to extend PCI beyond 1000. RAN1 LS indicates NR-MIB size is in range of 48-72 bits including 16 bits CRC. Given the limited size of NR-MIB, which in our understanding is applicable for below 6GHz and above 6GHz, we should be careful by including only the most essential information in NR-MIB.

Observation#7: The use case and scenario to support extension of PCI beyond 1000 is not clear. NR-MIB size is limited so we should be careful by including only the most essential information in NR-MIB.

2.4 Need for index for NR-SIB1

RAN1 LS indicated the intention to include information for quick identification that there is no corresponding RMSI to the PBCH. In our understanding this relates to some kind of valuetag/index for the RMSI (i.e.NR-SIB1) which the proponents claim would avoid NR-SIB1 reading and hence saving UE power. Looking at the contents of the NR-SIB1 it is clear some parameters are dynamic which change from one cell to another (eg. Cell-Id, PLMN-Ids, cell status, cell reservation parameters etc). These parameters cannot be associated with index/valuetag. However, other parameters like RACH configuration can be same from one to another cell and can be associated with index/valuetag.

Observation#8: Not all parameters of NR-SIB1 can be associated with SI-index.

In our understanding this valuetag should be to indicate if some NR-SIB1 information has changed. We can consider such valuetag in NR-MIB to indicate whether NR-SIB1 contents have changed or not. However we should also mention for which info in NR-SIB1 when it changes the valuetag in NR-MIB is changed. If the on-demand indicator is toggled then the valuetag in NR-MIB is not changed. However, if the scheduling info changes, or some other SIB is updated then it makes sense the valuetag in NR-MIB is changed. Further, let us consider the use case when this will be useful. For UE which is moving from one to another anyway that UE has to read NR-MIB and NR-SIB1. So this valuetag in NR-MIB does not convey anything for the moving UE. This is because the UE anyway needs to read the NR-SIB1 for:

a. Checking the scheduling information

b. Checking the On-demand indicator 

c. Checking the validity information (i.e. SI-index) of SI-blocks corresponding to OSI

Observation#9: The reading for NR-SIB1 upon cell re-selection is inevitable and in most cases cannot be avoided.

A UE has already acquired NR-MIB, NR-SIB1 and other SIBs in the cell and stays in that cell for some time. During this time some updates happen for some SIBs or SIB1 then the contents of NR-SIB1 will change and the valuetag in NR-MIB will be updated. However, such SI updates will be indicated by paging and there should not be UE requirement to read the NR-MIB again to check if valuetag has changed. Now suppose the experience out of service (OoS) and then comes back to the same cell then this valuetag in NR-MIB will be useful. Also during mobility if the UE comes back to the old cell for which it has stored SIB1 then the valuetag in NR-MIB will be useful. We think there is less motivation to include valuetag in NR-MIB and it is an optimisation. We should be careful to consider such optimisation when we are constrained by MIB size. Therefore we propose:

Proposal#9: RAN2 should be careful to associate valuetag/index with NR-SIB1 and its inclusion in NR MIB given it is an optimisation and NR-MIB size constraint.
Proposal#10: Send reply LS to RAN1 informing the RAN2 agreements on terminologies and contents of MIB and NR-SIB1 from RAN2 point of view.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation#1: The terms MSI and OSI used in TR 38.804 and baseline 38.300 are well understood in RAN1 and RAN2 WGs.

Observation#2: UE assumes the smallest periodicity for paging cycle/SI modification if other values are integer multiples of the smallest value. Hence, applicable parameters in the cell are provided on demand.
Observation#3: The overhead to provide barring information corresponding to each access category in MSI would be quite large.

Observation#4 Access control information for an access category which is used for actual barring check may not change from one cell to another hence can be considered to be provided on demand.
Observation#5: The use case and scenario to support numerology for NR-SIB1 to be different than the numerology for NR-MIB is not clear.

Observation#6: Same numerology i.e. SCS of 120 KHz can be applied both NR-MIB and NR-SIB1 for UE operation in 6-30 GHz frequency band. FFS in RAN1/RAN4 the SCS for NR-MIB and SIB1 for 30-60 GHz frequency band operation.
Observation#7: The use case and scenario to support extension of PCI beyond 1000 is not clear. NR-MIB size is limited so we should be careful by including only the most essential information in NR-MIB.

Observation#8: Not all parameters of NR-SIB1 can be associated with SI-index.

Observation#9: The reading for NR-SIB1 upon cell re-selection is inevitable and in most cases cannot be avoided.

Proposal#1a: RAN2 is requested to confirm the usage of terms Minimum System Information (MSI) and Other System Information (OSI) in TS 38.300 (Stage-2) specifications only.

Proposal#1b: RAN2 is requested to use exact terminologies for the respective SI-block(s) in TS 38.331 (Stage-3) specification and avoid usage of MSI and OSI in Stage-3.
Proposal#2a: Introduce the term NR-Master Information Block (NR-MIB) for the fixed size block carrying essential parameters of MSI broadcast on non-scheduled NR-PBCH.

Proposal#2b: Introduce the term NR-System Information Block Type1 (NR-SIB1) for the variable size block carrying remaining parameters of MSI (i.e. RMSI) broadcast on scheduled NR-PDSCH.
Proposal#2c: For better reading of TS 38.300 (Stage-2), it would good to clarify that MSI comprises NR-MIB and NR-SIB1.
Proposal#3a: SFN is included in NR-MIB

Proposal#3b: Cell selection parameters, cell access parameters (i.e. preambles and PRACH resource including beam specific parameters), on-demand SI functionality and scheduling information of other SI-blocks are included in NR-SIB1.

Proposal#4a: System information Area IDentifier (SAID) is included in NR-SIB1. 

Proposal#4b: System information Configuration Index (SCI) associated with the each SIB supported in the cell is included in NR-SIB1 regardless of whether the SIB is periodically broadcasted or provided on demand.
Proposal#5: RAN2 to discuss if paging/SI modification shall be included in NR-SIB1 or provided on-demand.

Proposal#6a: The information for quick identification that UE cannot camp on the cell in NR-MIB is not needed and can be aligned with the cell status parameter providing similar functionality.

Proposal#6b: RAN2 to discuss if the Cell status (cellBarred) indicator and Frequency barring indicator (intraFreqReselection) can be included in NR-MIB.
Proposal#6c: The cell reservation indicator (cellReservedForOperatorUse per PLMN) shall be included in NR-SIB1.

Proposal#7: RAN2 can wait to decide whether the access control parameters to be included in MSI or OSI until further progress on access category mechanism in RAN2/CT1.

Proposal#8: RAN2 to discuss if parameters to support tracking area/RAN area update shall be included in MSI or can be provided on demand.

Proposal#9: RAN2 should be careful to associate valuetag/index with NR-SIB1 and its inclusion in NR MIB given it is an optimisation and NR-MIB size constraint.
Proposal#10: Send reply LS to RAN1 informing the RAN2 agreements on terminologies and contents of MIB and NR-SIB1 from RAN2 point of view.
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